Background. The Safety Organizing Scale (SOS) offers a reliable snapshot of nurses' engagement in unit-level safety behaviors in hospitals. As no comparable questionnaire exists in German, French and Italian, we explored the psychometric properties of SOS translations into each of those languages.
Introduction
In the past years, it has become obvious that quality and patient safety are major challenges for health care [1] [2] [3] . According to patient safety experts, developing a 'safety culture' is a foundation for overcoming current safety and quality problems in health care [4] [5] [6] . Numerous conceptual definitions exist for safety culture, most of which originated in high-risk industries [7, 8] . For instance, safety culture within health-care organizations can be defined as a 'subset of organizational culture which relates specifically to the values and beliefs concerning patient safety' [9] . As values and beliefs can vary significantly across departments and across units within the same health-care organization [10, 11] , a 'lived safety culture' must be visible as reflected by observable safety behaviors within each unit [12] .
Measuring the reliability of health-care organizations
The Safety Organizing Scale (SOS) [12] , developed by Vogus and Sutcliffe, corresponds to such interrelated behavioral safety processes of 'collective mindfulness' [12] . The SOS is a 1D instrument backed by high-reliability organizational theory. The nine items assess the extent to which registered nurses (RNs) and their colleagues engage in safety behaviors and practices on their unit. Previous evidence supports the SOS's strong psychometric properties [12] .
As no validated safety culture questionnaire existed in German, French and Italian, the SOS's psychometric excellence and 1D structure made it a strong candidate for crosscultural testing. In addition, replication of studies under new conditions increases external generalizability of findings and the validity of the underlying theory [15] ; if results on the SOS could be confirmed in a different cultural context, the underlying theory of high-reliability organizations in health care and the measurement of it by the SOS would be supported. To measure safety culture across a national sample of Swiss hospitals, we translated the SOS into German, French and Italian and then used the translated versions within the framework of the Swiss RN4CAST study (Nurse Forecasting: Human Resources Planning in Nursing). We surveyed RNs, as they represent the largest subgroup of health-care professionals in hospitals and play a major role in guaranteeing patient safety [16] [17] [18] .
This study aims to explore the psychometric properties of the German, Italian and French versions of the SOS by translating the instrument and assessing its reliability and validity in new settings.
Methods Design
This is a sub-study of the Swiss RN4CAST study, a multicentre cross-sectional study within the EU Seventh Framework (EU Project number: 223468).
Setting and sample
RNs working on medical, surgical and mixed medicalsurgical wards of Swiss acute-care hospitals were surveyed. Hospitals were sampled according to a quota sample method based on language region and hospital type (university, cantonal and regional hospitals with ≥60 beds and ≥50 RNs). For university and cantonal hospitals, random samples of 2-6 eligible wards were selected; for smaller regional hospitals, all eligible wards were included to survey at least 50 RNs per hospital. All RNs active on the selected units were invited to participate.
Cross-cultural translation of the SOS
To adapt the SOS in a culturally relevant and comprehensible form while maintaining its original meaning and intent [19] , we translated the SOS according to the adapted Brislin model [20] -an iterative process involving forward-backward translation and expert group discussion. The seven-point Likert response scale was retained. Following back translation, our expert group identified no inconsistencies in any item's meaning or wording.
Validity and reliability testing
Our general objective was to determine whether German, French and Italian versions of the SOS would reveal psychometric properties similar to those of the original. Therefore, our validation strategy was based on that of Vogus and Sutcliffe [12] . Following American Educational Research Association guidelines, [21] we developed questions and hypotheses that guided the testing of the three translations' validity and reliability (see Table 1 ).
Validity testing. After translating, we asked experienced RNs whether the SOS reflected a relevant content domain. For each language version, 10 experienced RNs were asked to rate the extent to which the SOS reflected nurses' safety behaviors. We established 'evidence based on content' by calculating the consensus estimates of the ratings of item scale relevance (content validity index of individual items and overall scale) [22] .
'Evidence based on response processes' was compiled through assessment of distribution and skewing of the data, missing responses, multiple crosses for each item and overall scale and acceptability (number of respondents omitting no items).
To test the 'internal consistency' of the measurements and the precision of test results, we calculated Cronbach's alpha. Furthermore, to test whether the translated versions of the SOS reliably reflect a unit level construct-making aggregation of data appropriate-we computed five measures. Using F-statistic from a one-way variance analysis, we calculated between-group variance. We applied two types of intraclass correlations (ICCs), to calculate the proportion of variance explainable by unit membership (ICC 1) and the reliability of unit means (ICC 2). Both measures describe how strongly responses from RNs in the same unit resemble each other. [12] . We also calculated design effects to account for within-group sample size, which could have inflated ICCs. The degree to which responses of individuals within a group are interchangeable was calculated with the within-group agreement [12] .
To provide 'evidence based on internal structure', we aimed to confirm the 1D structure of the original (English) SOS [12] . To test whether our model would fit the data, we conducted confirmatory factor analysis.
We assessed 'discriminant and concurrent validity' to provide evidence of the relationships of the SOS with other variables. Both higher RNs' engagement in safety behaviors and lower levels of implicit rationing of nursing care might be visible features of a safety culture and, therefore, related to each other. A recent study confirmed this assumption, suggesting that the extent to which individual RNs are rationing nursing care might also depend on the prevailing safety 
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Validation safety organizing scale • Safety, methods, and international comparisons culture, i.e. collective mindfulness [23] . Yet, implicit rationing of nursing care served as a comparison concept to explore whether the SOS is discriminant from this important factor determining patient safety and quality of care [24] . Vogus and Sutcliffe provided initial evidence that better leadership abilities of nurse managers and adequate staffing levels are associated with better safety culture and fewer adverse events such as medication errors and patient falls [12, 25] . To provide concurrent validity for the translated versions of the SOS, we assessed these relationships in the Swiss cross-cultural setting. Five variables were used for discriminant and concurrent validity testing: Implicit rationing of nursing care, leadership abilities, staffing level, medication errors and patient falls. Implicit rationing of nursing care, i.e. 'the withholding of or failure to carry out necessary nursing measures for patients due to a lack of nursing resources (staffing, skill mix and time)' was measured with the 32-item, 1D Basel Extent of Rationing of Nursing Care (BERNCA) instrument [24] , which asks how often in their last 7 working days, nurses have been unable to carry out any of 32 listed necessary nursing tasks. Evidence is supporting the BERNCA's validity and reliability [24] . Cronbach's alphas for the German-, French-and Italian language versions were 0.94, confirming the internal consistency of this construct. To assess leadership abilities, we used the 'Nurse Manager Ability, Leadership, and Support' subscale of the 'Practice Environment Scale' [26] , which asks nurses whether specific leadership elements are present at their workplace. Psychometric strength of the practice environment scale was reported in previous studies [26, 27] . Cronbach's alphas for the German-and Italian versions were 0.76, for the French version, 0.80. The staffing level and adverse outcomes were measured with RN self-report of the 'nurse-to-patient ratio' on the last shift, and the frequency of 'medication errors' and 'patient falls' on their units over the last year. These three variables matched single items from the instrument battery of the RN4CAST nurse questionnaire. All instruments and items (except the SOS) used in the Swiss RN4CAST study had been used in previous studies [28, 29] .
Data collection and data management
Data collection took place between 12 October 2009 and 30 June 2010. For each participating hospital, a pre-identified contact person (e.g. nursing expert, chief nursing officers) supported us in planning and conducting the data collection. Completed questionnaires were scanned, and data were subjected to quality control procedures.
Statistical analysis
The statistical analyses corresponding to our validity and reliability testing are listed in Table 1 . To evaluate the SOS's internal structure, we performed confirmatory factor analysis using MPlus (version 6.1, 2010, Muthen and Muthen).
Descriptive, correlation, reliability and variance analyses were performed using IBM SPSS Statistics (version 18.0.2; SPSS Inc., Chicago, IL, USA); regression analysis was performed with STATA (version 11/SE; StataCorp LP), whereas ICCs, design effects and within-group agreement were calculated with Microsoft Office Excel 2011 ® . All hypotheses were subjected to two-sided testing, whereby the level of significance was set at P < 0.05.
Ethical considerations
Surveyed RN consented to participate in the study by voluntarily completing and returning the questionnaires. The study was approved by ethics committees representing all involved cantons. 
Results
Questionnaires were completed and returned by 1633 RNs (overall response rate = 72%: German = 73%; French = 74%; Italian = 69%). Of these, 1630 (German = 1074; French = 401; Italian = 155) were eligible for statistical analyses (3 questionnaires were excluded from analysis as they could not be assigned to a unit). Characteristics of the participant sample are presented in Table 2 . The content validity ratings for the three language versions of the SOS revealed the relevance of both the individual items and of the overall SOS scale.
Frequencies of missing values were low, ranging from 0.4 to 1.9% (average = 0.8%). In all, 1564 RNs (95.8%) submitted questionnaires with no missing values. For confirmatory factor analysis, then, we used only data from complete questionnaires.
Mean item values on the seven-point scale ranged from 4.62 (standard deviation = 1.27; item 4) to 5.62 (standard deviation = 1.07; item 5). The mean for the entire scale (SOS score) was 5.11 (standard deviation = 0.91) and the median score was 5.22 (25-75th quartile = 4.56, 5.22 and 5.78). All nine items and the SOS score were slightly left skewed, and minor ceiling effects could be observed in items 5, 6 and 9.
The alpha coefficients for this 1D construct were 0.90 (German), 0.92 (French) and 0.79 (Italian), indicating scale reliability. The reliability of the SOS as an aggregate unit measure was shown by the significant analysis of variance, within group agreement, ICC 1 and design effects ( Table 3 ). The ICC 2 scores were slightly below recommended levels for For each language version, confirmatory factor analyses described the closest possible data fit. As Table 4 shows, items had highly significant factor loadings for all three versions. For the German and French versions, our model demonstrated excellent fit across all fit indices; for the Italian version, we failed only to demonstrate an acceptable root mean square error of approximation (Table 4 ). In summary, these results provide evidence of the 1D structure of all three translated versions of the SOS and justify the aggregation of the nine individual items to a single SOS score.
To show discriminant validity, correlation analysis between the SOS and the BERNCA revealed a weak, but statistically significant negative relationship for all three translations (German r s = −0.24 P < 0.01; French r s = −0.24, P < 0.01; Italian r s = −0.28, P < 0.01). These results distinguish safety culture, as measured with the SOS, from implicit rationing of nursing care.
As reported in Table 5 , concurrent validity was examined via several regression models. The first shows the association of nurse-reported leadership and patient-to-RN ratios on the SOS Score. For all three translations, leadership was positively related to the SOS, whereas no significant relationships were found between the patient-to-RN ratios and the SOS (Table 5 ). Model 2 shows that higher SOS scores were associated with lower nurse-reported medication errors for all three translations (German: odds ratio = 0.941; French: odds ratio = 0.959; Italian: odds ratio = 0.878), whereas in model 3, no SOS score was significantly related to patient falls in any language version (Table 5) .
Discussion
This study provides evidence supporting the validity and reliability of all three translated versions of the SOS, which we tested in the cultural context of the Swiss health-care system, pursuing procedures conforming to rigorous international standards [21] .
The SOS measures health-care professionals' engagement in crucial safety behaviors at the unit level, reflecting the safety culture of health-care organizations. Most instruments measuring the patient safety culture are based on multidimensional conceptualizations [30, 31] but capture few patient safety behaviors. In our understanding, safety culture is characterized by visible features of a safety culture [32] , such as safety behaviors of professionals, that directly influence patient outcomes. The SOS's quick diagnostic sampling of crucial patient safety behaviors reflecting on 'collective mindfulness' makes it a valuable tool for monitoring the reliability of health-care organizations.
Overall, our results indicate similar psychometric properties to those for the original SOS. 'Evidence based on content' confirmed our accurate and rigorous translation process. This might have resulted in a low proportion of missing values and indicated the instrument's practicability and acceptability ('evidence based on response processes'). The observed slightly positive data skewing and ceiling effects for three out of nine items give little reason for concern (e.g. systematic measurement error), because all nine items still reflected variability across units. However, the SOS's responsiveness to change needs to be explored in future safety and quality improvement research.
The structure of the tool as 1D was supported for all versions. Item loadings on one factor were strong for all three versions. The one weak value was for the Italian SOS version; we failed to demonstrate adequate root mean square error of approximation. The root mean square error of approximation depends on the sample size, represented in the denominator of its equation [33] . Although only a few parameters required estimation, the sample size for the Italian version was likely not sufficient for an adequate estimation of this fit index and its confidence interval. Future studies should re-confirm the internal structure of the Italian version with a larger sample size.
Whereas we confirmed the hypothesis that supportive leadership was positively related with the SOS (H3), we found no association between the patient-to-RN ratio and the SOS (H4). The recall of the workload of each RN for the last shift might not be accurate, and there was little variability in the data across the hospitals, making it difficult to show a relationship with the SOS. Similar to Vogus and Sutcliffe [12] , SOS scores were inversely associated with nurse-reported medication errors, but, in contrast to their findings, we found no relationship with nurse-reported patient falls. We assume that the SOS might be less sensitive to this type of adverse events, as there are many patientrelated risk factors triggering patient falls [34] , which are difficult to influence by RNs' general safety behaviors. Our initial inconsistent findings on the relationship between the translated versions of the SOS and patient outcomes require confirmation via further analysis using more reliable outcome measures (e.g. mortality rates), as our nurse-reported patient outcomes may be subject to bias (recall bias) [35] . The RN4CAST study used a cross-sectional design, which does Multilevel linear (model 1) and logistic (models 2 and 3) regression analyses were performed with STATA 11 with unit-level random effects. Including the random effects accounts for the hierarchical structure of the data (RNs nested within units). Coefficient in model 1 refers to the unstandardized regression coefficients (B), in model 2 and 3 to logit coefficients. All models were adjusted for sociodemographic characteristics of RNs (age, education, employment grade and professional experience). P, P-value; CI, confidence interval.
not allow deriving causal inferences between the SOS and patient outcomes. Predictive validity of the translated versions of the SOS for patient safety outcomes needs to be established in future prospective studies.
Conclusions
In summary, the SOS is a valuable tool to measure RNs' engagement in safety behaviors and processes with possible direct relationships to patient outcomes. Initial evidence on the validity and reliability of the translated SOS versions supports their use in German-, French-and Italian-speaking health-care settings. In clinical practice, it can be used to describe and monitor both the extent of health-care professionals' engagement in the tested behaviors/processes and the prevailing 'collective mindfulness' at unit level. As the individual items entail information on changeable behaviors/processes, the SOS allows unit and hospital leaders to plan, implement and evaluate interventions to improve the safety culture [7] . With further validity testing of the German, French and Italian SOS versions, this measure can be used in outcome research to explain its interaction with other known outcome influencing factors such as rationing of nursing care or the nurse practice environment. This would augment our knowledge of the most significant factors of clinical practice related to patient safety and quality of care.
